Background: There is increasing evidence that postprandial triacylglycerol (TAG)-rich lipoproteins (TRL) may be related to atherogenic risk. Little is known about the acute effect of individual dietary saturated fatty acids on plasma lipids and lipoproteins. Objective: To investigate the effect of two prevalent dietary saturated fatty acids, stearic and myristic acid on postprandial and 24 h fasting plasma lipoprotein TAG and cholesterol concentrations. Design: Ten young healthy men were served two meals (1.2 g fat/kg body weight) containing fat enriched in either stearic acid (S) (shea butter) or myristic acid (M) (produced by inter-esterification) in a randomised, cross-over study. The meals were given in the morning after 12 h of fasting and again after 8 h (in the afternoon). The S and M containing meals were given at different days separated by a washout period. Blood samples were taken before the meal and 2,4,6,8, and 24 h after the first meal. Results: The M meal resulted in a higher postprandial HDL TAG response than S (P ¼ 0.03 I), (diet Â time interaction), while no differences were observed in other lipid fractions. Twenty-four hours after the M meal fasting, HDL cholesterol was higher (P ¼ 0.05) and HDL TAG lower (Po0.001) than at baseline. Conclusions: Intake of individual dietary SFA may affect fasting HDL cholesterol within 24 h. Thus after this short period HDL cholesterol concentration was higher after myristic acid than stearic acid. Myristic acid resulted in a higher increase in postprandial HDL TAG than stearic acid.
Background
It is generally accepted that individual dietary saturated fatty acids (SFA) affect the fasting plasma cholesterol concentration differently. However, only few studies have investigated the impact on postprandial plasma lipid changes (Sanders et al, 1996; Tholstrup et al, 2001 ). There is evidence that an elevated level of triacylglycerol (TAG)-rich lipoproteins (TRL)Fie chylomicrons and their remnants, through their procoagulant effect and indirectly by perturbing the catabolism of cholesterol-enriched very low-density lipoproteins (VLDL) Karpe, 1997) Fmay be atherogenic in the postprandial state (Patsch et al, 1992; Havel, 1994 Bergeron & Havel, 1997; Karpe, 1997) . Particles derived from VLDL may be more directly involved in plaque formation . The magnitude of postprandial response appears to play a role in aetiology of presence and progression of cardiovascular disease (CVD) (Patsch et al, 1992) . A slow return to the postabsorptive state may be specifically associated with an increased CVD risk (Karpe, 1997) .
Contrary to the long-chain saturated fatty acids (Grande et al, 1965; Ulbricht & Southgate, 1991) , stearic acid does not raise fasting plasma cholesterol (Bonanome & Grundy, 1988; Tholstrup et al, 1994a) . This may be due to desaturation of stearic acid to oleic acid (Bonanome et al, 1992) and/or to a slower and less efficient absorption ( Jones et al, 1999) . In contrast, myristic acid (a major component of dairy fat and coconut oil) has generally been considered the most potent cholesterol raising SFA (Berner, 1993) . As common sources of high myristic acid oils (coconut and palmkernel oil) also contain lauric acid, very few studies have investigated the specific effect of myristic acid (Tholstrup et al, 1994b; Zock et al, 1994) . We have earlier reported a specific HDL cholesterol raising effect of myristic acid, which is higher than that of palmitic acid (Tholstrup et al, 1994b) . This is in accordance with findings by Zock et al, (1994) , who also confirmed an increase in LDL cholesterol.
In this study we aimed at getting more insight into postprandial handling as well as metabolism of stearic and myristic acid. We wanted to elucidate whether the observed long time differences in the effect on fasting lipoproteins could already be identified within 24 h after intake of fatty test meals. We investigated the effect of two test fatsF (approximately 43% w/w) dominated by stearic acid (shea butter) or myristic acid (produced by inter-esterification)Fon the postprandial and short-time fasting blood plasma lipids and lipoproteins. In addition, a possible desaturation of C18 to C18:1 was elucidated by measurements of the enrichment of stearic and myristic acid in the individual lipoprotein fractions. Data from this study on hemostatic variables are presented elsewhere (Tholstrup et al, 1996) .
Subjects and methods
Ten young men were recruited for the study. Their age ranged from 21 to 28 y (mean 23 y), their body weight from 68 to 101 kg (mean 81 kg), and their body mass index from 21 to 29 kg/m 2 (mean 24 kg/m 2 ) (one participant was very muscular, but not obese). None of the men had any history of atherosclerotic disease and they were all apparently healthy as indicated by a medical questionnaire. They were all non-smokers. None of the men had hypertension or were taking any medication. The majority had a moderate physical activity level (training max. l-2 h twice a week and/or daily cycling to work).
Diets
Two different high-fat test meals enriched in either stearic or myristic fat were served randomly to each subject. Each study period was 24 h and included two identical mealsF one in the morning after the fasting blood samples (0 h) and one in the afternoon after the 8 h blood samples were taken. The two intervention periods were separated by at least 8 days' consumption of habitual diet. The subjects stayed at the department after consuming the first meal. After the second meal, no food or drinks besides water were allowed until the next day after the second fasting blood sampling (24 h sample) had been taken. The subjects kept record of their food intake and physical activity 24 h before the intervention days in order to mimic these before the second intervention day.
The meals included test fat enriched rolls and cakes plus juice and marmalade. The fat intake of each test meal was fixed at 1.2 g/kg body weight. Fifty-two per cent of the energy contribution was derived from fat, 44% from carbohydrates, and 4% from protein. The energy content of each test meal (two meals were served) ranged from 5.9 to 8.8 MJ (mean 7.0 MJ) and the content of fat in each test meal ranged from 82 to 121 g(mean 97 g).
To achieve the desired differences in the fatty acid composition, a high stearic acid (C 18) test fat (S diet) and a high myristic acid test fat (C 14) (M diet) were used. Aarhus Olie, Oils and Fats Division, R&D, Aarhus, Denmark, provided both fats. The fatty acid composition of each test fat was determined by liquid gas chromatography (Table 1) . The positional distribution of the fatty acids in TAG of the two fats was determined by a high-performance liquid chromatography method (analysed by the laboratory of Aarhus Oliefabrik A/S, Denmark). Shea butter (the kernel fat of the 'Shea butter tree', Butyrospermum parkii, Sapotaceae), a common fat for cooking and frying in Nigeria, was used for diet S. The shea butter was a refined product rinsed with acetone to remove the acetone-soluble non-saponifiable compounds. The content of non-saponifiable compounds left in the shea butter was 6.9%. The composition of these shea butter compounds was not analysed except for the keratine content, which was 0.74%. As expected, stearic acid was found exclusively in the sn-1 and sn-3 position. To optimise the matching of the test fats with regard to fatty acids, we had myristic acid produced by interesterification of commercial fats. The myristic fat was synthetic, as natural fats high in myristic acid (without high contents of lauric acid) are not available. The myristic fat was made particularly for this study by inter-esterifying trimyristin (a commercial fat containing 98.2% of myristic acid, Dynasan 114 by Hüls, Marl, Germany) with high oleic sunflower oil (a commercial fat, TRISUN 80, Eastlake, OH, USA). As expected, myristic acid was equally distributed between the three sn positions. The two test fats were not analysed or balanced with regard to non-glyceride constituents such as composition and content of tocopherols and tocotrienols. Blood sampling and analysis Fasting morning blood samples were taken on day 1 (0 h) and day 2 (24 h) of each test period and after at least 12 h of fasting and 20 min supine rest. The subjects had refrained from alcohol intake and heavy physical activity for at least 24 h before sampling and they were told to go to the hospital for the morning sampling in a non-strenuous way, ie they should not run, bike or do anything similar. In between blood drawings, the subjects pursued their usual study activities or walked around in the hospital area. Postprandial samplings were taken 2,4,6 and 8 h after the beginning of the meal on the first day. Blood for lipid and lipoprotein analysis was collected in tubes containing EDTA. These were immediately placed on ice and centrifuged at 3000 Â g for 15 min at 41C. Plasma for fatty acid analysis was stored at À801C. Plasma for lipoprotein analysis was stored at 41C and analysed within 48 h. Chylomicrons VLDL + chylomicron remnants (do1.006 g/ ml), as well as LDL + HDL fractions (d41.006 g/ml) were separated by ultracentrifugation (UC). Chylomicrons were separated according to nomogram of Dole and Hanlin (1962) by carefully overlaying 3 ml of plasma with 2.5 ml of saline solution of density 1.006 g/ml in UC tubes (13 Â 64 mm) and centrifuged for 23 min at 201C at 100 000 Â g (L7-55, Beckmann Instruments, Palo Alto, CA, USA) using a fixed angle rotor (f ¼ 96.1 mm) (50.4 Ti, Beckmann Instruments). Tube slicing separated the top and bottom fractions. The tubes were sliced 45 mm from the bottom. The top fraction was transferred and adjusted to a total volume of 5 ml with saline. The bottom fraction was transferred to another UC tube, readjusted with saline with density 1.006 g/ml and centrifuged for 16 h at 41C at 170 000 Â g. After tube slicing the top fraction do1.006 g/ ml containing VLDL and chylomicron remnants and the bottom fraction containing LDL + HDL were transferred to separate tubes and adjusted to a final volume of 5 ml. Cholesterol and TAG concentrations were assessed in plasma and various fractions by enzymatic procedures (Boehringer Mannheim GmbH, Mannheim, FRG) on a Cobas Mira analyser (Roche, Basel. Switzerland). HDL and HDL 3 cholesterol concentrations were measured enzymatically after precipitation with polyethylene glycol (Quantolip, Immuno AG, Vienna, Austria) (Kostner et al, 1985) . HDL 2 cholesterol was calculated as the difference between total HDL cholesterol and HDL 3 cholesterol. Accuracy was checked using a control serum of known value (Quantolip control serum) (Immuno AG, Vienna, Austria). LDL cholesterol was calculated as the difference between cholesterol in the infranatant and HDL cholesterol. Fatty acid composition in plasma was analysed as previously described (Boberg et al, 1985) . The plasma concentration of C-reactive protein (CRP) was assessed to check whether any of the subjects harboured infectious diseases during the period of blood collection. Values were in the normal range (o 40 nmol/l except for one which was 41 nmol/l).
Statistical analysis
Repeated measures of analysis of variance (SPSS Inc., Chicago, IL, USA) with Huynh-Feldt adjustment of degrees of freedom was used to assess the effect of time, difference in the effect of the experimental fats, and interaction between the effects of time and the type of fat during the 0 -8-h period of the day. If a significant interaction between the effects of time and the type of fat is found, it means that the mean difference between the two fats vary with time. The graphs of the time course will illustrate how the means differ. Paired t-test was used to compare mean values of lipoprotein fractions before intake of the meals and 24 h after as well as to compare the mean effect of the two test fats after 24 h.
Ethics
The protocol and the aim of the study were fully explained to the subjects who gave their written consent. The Scientific Ethics Committee of the municipalities of Copenhagen and Frederiksberg (01296/93) approved the research protocol.
Results

Postprandial effects
Plasma chylomicron, VLDL, LDL and HDL TAG concentrations before and 2,4,6 and 8 h after consumption of S and M test meals are shown in Figure 1a -d, respectively. Plasma chylomicron, VLDL and HDL TAG increased with no obvious differences between meals with a measured maximum at 4 h (time effect Po0.01) (Figure 1a,b,d ). There was, however, a tendency to a lower chylomicron TAG concentration 2 h after S meal. This was probably due to a lower and slower absorption. LDL TAG decreased between 2 and 4 h after intake of the meals, followed by an increase between 4 and 8 h (time effect Po0.01) (Figure 1c ). The experimental fats had different effects on plasma HDL TAG (P ¼ 0.031) (diet Â time interaction) with the graph showing higher HDL TAG values 2,4,6 h after M meals than after S meals (Figure 1d ) Postprandial cholesterol concentrations in chylomicrons, VLDL, LDL, HDL, HDL 2 and HDL 3 before and 2,4,6 and 8 h after consumption of S and M test meals are shown in Figure  2a -f. There was an overall increase in chylomicron cholesterol and in VLDL cholesterol with a measured maximum at 4 hours (time effect Po0.01). The changes in chylomicron and VLDL cholesterol paralleled the effect on plasma TAG in the same fractions. Cholesterol in LDLFand total HDLFand HDL 3 fraction decreased with the lowest measured values after 6 (or 4) h (Figure 2c ,d,f) followed by a return to postabsorptive values (or values above) after 8 h (time effect Po0.01).
Fasting effects
Comparison of the values of M and S after 24 h. Fasting TAG concentration of chylomicrons, VLDL, LDL, and HDL did not differ after M and S. The fasting HDL cholesterol Myristic acid and HDL cholesterol T Tholstrup et al concentration was higher after M meals than S meals at 24 h: 1.18 vs 1.10 mmol/l (P ¼ 0.05) (Figure 3) . No other differences were observed.
Comparison of values before the fat load (0 h) and 24 h concentration. After intake of M diet there was a lower fasting HDL TAG (0.14. vs 0.18 mmol/l) and higher fasting HDL cholesterol (1.18 vs 1.12 mmol/l) concentrations (Figure 3 ) after 24 h compared to the values at 0 h (Po0.01 and ¼ 0.011), respectively (paired t-test). After intake of S diet there was a tendency to a lower LDL cholesterol concentration after 24 h compared to the concentration at 0 h (P ¼ 0.104) (data not shown). No other differences were observed.
Fatty acid pattern after intake of M and S diet. The amount of stearic and myristic acid incorporated into chylomicrons mirrored the fatty acid composition of the test fats (data not shown). The incorporation of myristic acid (C14:0) after the M diet and the incorporation of stearic acid (C 18: 0) after the S diet showed a visually different pattern in the CE fraction of VLDL and HDL (Figure 4a,b) . After the S diet, the stearic acid concentration of CE in VLDL showed a decrease between 0 and 4 h (non-significant), whereas myristic acid content after M seemed to increase in the same time interval (non-significant). In CE of HDL, stearic acid concentration was unchanged after 24 h on S diet, whereas there was an increase in the myristic acid after M diet (Figure 4b ). In the TAG and PL fractions of VLDL and HDL, the incorporation of myristic or stearic acid did not show a different pattern, although the absolute concentration of the two fatty acids was different (Figure 4c-f) .
Discussion
The aim of this study was to compare the effect of stearic and myristic acid postprandially and 16 h after intake of a fatty meal on plasma lipid concentration and lipoproteins. A main finding was higher HDL cholesterol after meals rich in myristic acid within 24 h than after meals rich in stearic acid.
The two test fats resulted in an increase in chylomicron TAG after 4 h and returned to postabsorptive phase after 8 h. Table 1 . Abbreviations: triacylglycerol (TAG), very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), high-density lipoprotein (HDL).
Myristic acid and HDL cholesterol T Tholstrup et al
A rather similar pattern was seen in lipemic response after S and M fat as shown by the graphs (Figure 1a,b) . However, this does not agree with our recent observations from another study (Tholstrup et al, 2001 ). We found a lower postprandial lipemic response pattern and a later return to the postabsorptive phase after a test fat high in stearic acid (an esterified synthetic fat) compared to after a test fat containing a mixture of myristic acid and palmitic acid. A plausible reason for the different response pattern between the two studies may be the use of shea butter as source of Figure 2 (a-f) Plasma chylomicron, VLDL, LDL, HDL, HDL 2 and HDL 3 chloseterol concentrations (mean7s.e.m.) before and 2,4,6 and 8 h after intake of the test meals (1.2 g/fat/kg body weight) of M (C14:0) and S (C18:0) (n ¼ 10). M ¼ test fat high in myristic acid (J), S ¼ test fat high in stearic acid (m). For details of fatty acid composition of the test fats, see Table 1 . Abbreviations: triacylglycerol (TAG), very low-density lipoprotein (VLDL), low-density lipoprotein (LDL), high-density lipoprotein (HDL).
Myristic acid and HDL cholesterol T Tholstrup et al stearic acid in this study vs synthetic stearic acid test fat in the other study. SFA of natural fats are probably absorbed more easily than synthetic fats (Bracco, 1994) . In this study there was however a tendency to a lower lipemic response 2 h after S than after M, with a lower proportion of the stearic acid of the chylomicrons. This could either be due to an increased lipolysis or a slower absorption. It has been suggested that as a result of its chain length, stearic acid is absorbed more slowly, which results in a crystalline solid at body temperature and therefore less tendency to form micelles ( Jones et al, 1999) . Thus, the lower lipemic response after 2 h speaks for a slower absorption.
The response in VLDL TAG and HDL TAG reflected the pattern of chylomicron TAG and that is in accordance with other findings (Cohn et al, 1988; Karpe et al 1995; . HDL TAG showed a higher postprandial peak value after M than after S. This could probably be due to a more increased CETP activity after M than after S as our previous findings show ( Tholstrup et al, 1996) . The postprandial response pattern in cholesterol in VLDL and chylomicrons mirrored differences in VLDL TAG with a measured peak four hours after intake of the fatty meals. This is in agreement with previous observations (Castro & Fielding, 1985; Patsch et al, 1987; Dubois et al, 1994) , and is suggested to be attributed to elevation of the VLDL particle number (Karpe, 1997) . LDL cholesterol increased between 6 and 8 h, probably due to suggested short-term regulation of hepatic receptor activity (Muesing et al, 1995) . HDL cholesterol decreased postprandially, predominantly as a result of a decrease in the HDL 3 fraction. This is in accordance with earlier findings (Muesing et al, 1995; Bergeron & Havel, 1997; Tholstrup et al, 1998) suggesting increased reverse cholesterol transfer after intake of fatty meals (Föger et al, 1996) . The observed differences in fasting HDL cholesterol at 24 h compared to baseline values after intake of M indicate that the HDL cholesterol raising effect of myristic acid observed in fasting values after two weeks (Tholstrup et al, 1994b; Zock et al, 1994) can be explained by metabolic changes initiated within very short time. The increase in HDL cholesterol is in line with the lower VLDL TAG at 24 h, suggesting a decreased CETP activity. Although it is suggested that steady state in lipoprotein is reached after 14 days (Bonanome & Grundy, 1988) , data from this study indicate that the changes of fasting HDL and, to some extent, of LDL can be initiated within the first day of dietary intervention in healthy young men. This is to our best knowledge a new finding.
A partial desaturation of stearic acid to oleic acid could be one of the mechanisms explaining the cholesterol neutral effect of stearic acid (Bonanome et al, 1992) . However, in this study this could not be confirmed as oleic acid in VLDL TAG seemed to reflect fatty acid composition of S fat (data not shown). There was a higher concentration of stearic acid than myristic acid in the TAG and PL fraction (and before the fatty meals in CE of VLDL fraction) (Figure 4c-f) . This may be due to a preference for beta-oxidation of myristic acid compared to stearic acid (Leyton et al, 1987) . However, the feeding of the two FA resulted in a visually higher increase in the concentration of myristic acid after M than stearic acid after S in HDL CE (Figure 4b ). The greater incorporation of myristic acid into HDL may be a consequence of the increase in HDL cholesterol, with a parallel increased availability of myristic acid. Whether the rapid changes in HDL and LDL cholesterol are of any relevance is not known; however, it seems interesting that changes of dietary fat can affect plasma lipoproteins within 24 h.
In conclusion, intake of individual dietary SFA may affect fasting HDL cholesterol differently within 24 h as shown by a higher HDL cholesterol concentration after myristic acid than after steak acid. Myristic acid appears to give a higher postprandial HDL TAG than stearic acid, while no differences were observed for other lipoproteins. Table 1 . Abbreviations: triacylglycerol (TAG), very low-density lipoprotein (VLDL), low-density
